. Cooked meat products made of coarsely ground pork: the main bacterial strains of bacterial flora, their heat resistance and effect on spoilage. Agric. Sei Helsinki, Finland.) This study was conducted to investigate the bacterial flora of the surface layer and the core of meat products made of coarsely ground pork at the moment of spoilage when stored at 7°C or 4°C. The dominating strains were isolated, their heat resistance was studied in APT-broth, on APT-agar and in coarsely ground cured pork, and their growth after heating and effect on spoilage were followed in coarsely ground cured pork.
Introduction
The manufacture and consumption of food products made of coarsely ground meat has grown over the last 10 years in Finland. These products sometimes spoil quite quickly so that not only the surface layer but also the core is spoiled. There is not much information available on the keeping times or the microbial flora of these kinds of products, or about whether the bacteria which can survive heat treatment in the core spoil the product. These products can be assumed to resemble bologna-type cooked sausages and luncheon meat in many respects. In these products high bacterial counts may be found although the products would not always have spoiled. Paradis and Stiles (1978) have found 60% ofcommercial bologna type sausages contain bacteria over 10 6 efu/g. According to Allen and Foster (1960) and Hill et al. (1976) , 4-week-old bolognas contain over I0 7 bacteria/g. DuiTSCHA- ever (1977) reported over 10 6 bacteria/g in 50% of commercial luncheon meats and Hill et al. (1976) found that 71% of luncheon meats stored for 3 weeks at 4 -7°C contained over I0 6 bacteria/g.
According to many scientists (Reuter 1969 , Mantel and Beck 1977 , Daelman and Hoof 1975 lactobacilli are the biggest bacterial group in cooked meat products. However, Dowdell and Board (1968) and Gardner (1966, 1968) report that Microbacterium thermosphactum is the most important bacterial group causing spoilage in cooked sausage. Gardner (1966) also found that cooked sausage may contain gram-negative bacteria, pseudomonads and achromobacteria, although gram-negative bacteria are generally assumed to die during the processing of cooked meat products (Hallenbach and Potter (1981) and Palumbo et al. (1974) . The purpose of this study was to find out the main bacterial types in the surface layer and core of cooked meat products made of coarsely ground pork, their survival after heat treatment in APTbroth, on APT-agar, and in coarsely ground cured pork, as well as their growth after heating and their effect on spoilage during storage in coarsely ground cured pork. Various methods were used since heat resistance is known to vary in different media.
Material and methods

Product samples
Seven samples of coarsely ground pork products were received directly from the manufacturers. The samples were 2-4 weeks old and they were kept at 4°C and 7°C up to the moment when the first signs of spoilage, smell and/or slime, were detected. Different samples were investigated for the two temperatures. At the moment when the first signs of spoilage appeared the samples were examined microbiologically.
Microbiological examination of product samples
The product was peeled and the surface layer sample was taken aseptically at 1-2 mm in thickness. The core sample was taken from the centre of product after cutting the product in two parts so that nothing came into contact with the sampling area. The following examinations were made: Number of lactic acid bacteria on Rogosa-agar (Merck 5463,4 dat 30°C). Number of Brocholhrix thermosphacta on STAA-agar (Gardner 1966 , 2 d at 22°C).
Number of staphylococci and micrococci on Baird-Parker-agar (Lab 85 and XOB5, 2 d at 37°C). Number ofcoliforms on VRB-agar (Lab 31, 1 d at 37°C).
The results were tested by variance analysis (Epistat program) in relation to storage temperature and surface layer and core.
Isolation of the main bacterial types
The surface layer and core of all product samples contained only a few strains in high numbers, and these were isolated. The main colonies were selected from the APT-agar dishes on which the samples had been plated. The dishes with the highest dilution were used. The colonies to be isolated were transferred to APT-agar and incubated for 2 days at 30°C. One typical colony ofeach strain was removed to APT-agar for storing the culture.
Survival of the isolated strains after heating on solid and in liquid medium
Solid medium
The survival of the strains after heating on a solid medium was studied with a Gradiplate WlO-temperature-gradient incubator (Biodata Oy, Helsinki, Finland) with which it is possible to achieve a stepless temperature gradient within a range of 0-10°C. The operating principle is as follows: The bacteria are grown in cuvettes of 65*98*12 mm, into which the agar is poured. The limit temperature for growth or survival is determined by measuring the distance of the growth limit from the lower temperature sensor and by calculating the respective temperature. The survival of the strains was investigated by growing them on APT-agar (Merck 10453) for 30 minutes at a temperature range of 50 -70°C. The inoculation was carried out by rolling a drop (0.05 ml) of APT-broth culture onto the surface of the agar. Two strains were inoculated in the same cuvette. The 18-hour-old APT-broth culture was used for inoculation. Table 2 shows the ranges ofinoculated cell count. Three determinations were made for each strain.
Liquid medium
The survival of the strains after heating in APTbroth at 72°C was investigated side by side with the experiments on solid medium. The 5 ml APT broth was heated in a test tube to 72°C and inoculated with 0.05 ml of 18-hour-old APT-broth culture. The ranges of the inoculated cell counts are presented in Table 2 . Different tubes were prepared for each heating period and temperature. The inoculated test tubes were heated for 15, 30, 60, 90 and 120 minutes. After heat treatment they were incubated at 30°C for 2 days and the growth (turbid broth) was recorded. Six experiments were made for each strain.
Survival ofsome isolated Pseudomonas and Streptococcus strains after heating in coarsely ground cured pork
The survival of four Pseudomonas strains (lb2, 4b, 6b, 7b2) and two Streptococcus strains (3bi, 7bi) was also examined in coarsely ground cured pork after heating at 72°C. One experimental batch contained 150 g pork, 0.67 g glucose and 15 g water. The following additives were used: NaCl (2%), NaNO2 (0.012%), phosphates (0.15% P 205) and Na-ascorbate (0.04%). The bacterial inoculum was added as APT-broth culture (15 ml). The target number of colony forming units (efu) in the inoculum was 10 7 /g meat. Control batches were made without bacterial inoculum. Instead, 15 ml of water was added to the control batch. The coarse grinding of the meat and mixing of additives and bacteria were done in a Moulinex mixer (Moulinex, France) to a particle size of 0.5-1 cm (diameter).
Both experimental and control meat batches were packed in the 10ml glass tubes in which they were heated. Different tubes were prepared for each heating period. The pseudomonas tubes were heated in a water bath for 5,15 and 30 minutes after the temperature had been raised to 72°C. The respective heating periods for Streptococcus 3b 1 tubes were 0.5,2,5,and 15 minutes and for Streptococcus 7bi tubes 0.5, 2,5, 15, 30 and 60 minutes.
After heating the tubes were cooled for 10 minutes at 10°C in a water bath and for 1 hour at 22°C. The following microbiological determinations were made for the non-heated and heated coarsely ground meats, as well as for the meats heated for 5 minutes and stored for 2-3 weeks at 6°C: total plate count on APT-agar, the number of pseudomonads on GSP-agar, staphylococci and micrococci on Baird-Parker-agar, lactic acid bacteria on Rogosaagar, and Brochothrix thermosphacta on STAAagar. The manufacturers of the media as well as the incubations were the same as those in the microbiological studies of the meat product samples.
The number of colony forming units of the inoculums was determined on APT-agar by incubating for 2 days at 30°C. The survival of the inoculums after heating in APT-broth at 72°C (0.05 ml in 5 ml APT-broth) was also tested side by side with the coarsely ground pork experiments. Thermal resistance experiments with coarsely ground pork were made three times for Pseudomonas strains and four times for Streptococcus strains.
Results and discussion
Bacterial flora in the product samples
The samples stored at 4°C were 7-10 weeks old and the samples stored at 7°C 4 weeks old at the moment of spoilage. Only the surface layer showed signs of spoilage. The total number of aerobically growing bacteria in the surface layer ranged from 3.5 to 8.5 log cfu (colony forming units)/g at the moment of spoilage (Table 1) . At the moment of spoilage the core of the products contained 4.6 -6.0 log cfu/g when the products had been stored at 4°C
and 2.5 -6.6 log cfu/g when they had been stored at 7°C. The counts for anaerobically growing bacteria ranged from 1.0 to 6.3 log cfu/g the counts being higher (p<0.05) in the surface layer than in the core of the product, and also higher (p<0.05) after storing at 4°C than after storing at 7°C (Table 1 ). The number of lactic acid bacteria growing on Rogosaagar ranged from 1.0 to 7.0 log cfu/g, and the surface layer contained significantly (p<0.05) higher counts than the core at 4°C. Most samples contained Brochothrix thermosphacta and staphylococci/micrococci. Their counts were also higher in the surface layer than in the core of the products. Apart from one core sample, none of the samples contained coliforms over 1.0 log cfu/g. Lactic acid bacteria growing on Rogosa-agar, Brochothrix thermosphacta, staphylococci/micrococci or anaerobically growing bacteria were not found to form the main bacterial types of the bacterial flora of the products. However, the bacterial flora of the product samples contained 1 -3 main bacterial types which grew on the APT-agar.
Isolated bacteria
Bacterial strains representing the main bacterial types of the flora were isolated both from the surface layer (12 strains) and the core (12 strains) of the products (Table 2 ). The strains isolated from the surface layer of the products were gram-positive cocci or coccibacilli also growing in chains. The core of two products also contained gram-positive cocci as the main bacterial types (5 pcs.), which were isolated. The core of two products contained gram-positive coccus and gram-negative rod as the main bacterial strains, whereas the core of three products contained only gram-negative rod as a main strain. These 7 strains were also isolated. The gram-positive coccus strains isolated were of the same type of lactic acid bacteria as those found by Korkeata et al. (1988) to be the main spoilage organisms in cooked sausages. Five strains also formed slime on APTS-agar (APT-agar + 1 % saccharose). The two most heat-resistant strains proved to be streptococci. It must be pointed out that the cores of the products contained gramnegative rods, although gram-negative bacteria are generally destroyed by heat treatment (Hallenbach and Potter 1981, Palumbo et al. 1974 ). However, Gardner (1966) also reports that cooked sausage may contain pseudomonads and achromobacteria. The gram-negative rod strains isolated were oxidative and they were, therefore, regarded as pseudomonads. They also grew on GSP-Pseudomonas-agar. Table 3 . Survival of some Pseudomonas strains after heat treatment at 72°C in APT-broth and in coarsely ground cured and cooked pork (3 test series). The strains were isolated from the core of cooked meat products made of coarsely ground pork. Survival of isolated bacterial strains after heat treatment in APT-broth and on APT-agar Seven strains from the surface layers survived after heating for 15 minutes at 72°C in either one or two of the six tests conducted (Table 2) . Only one surface layerstrain survived after heating on APT-agar at temperatures over 55°C. The highest survival temperatures of most surface layer strains on APTagar varied around 50°C.
Most of the strains isolated from the core of coarsely ground pork products survived after heating for 30 minutes at 72°C in APT-broth in at least three of the six tests (Table 2) . Two gram-positive cocci and one gram-negative rod survived after heating for 30 minutes at 72°C in all six tests. These three strains also survived after heating for 90 minutes in at least five of the tests. It is noteworthy that all gram-negative rods isolated from the core of coarsely ground pork products were heat-resistant to the extent that all of them survived after heating for 60 minutes at 72°C in APT-broth. The isolated strains survived heating on APT-agar at distinctly lower temperatures than after heating in APTbroth. Only three strains exhibited the highest survival temperature of over 60°C in some of the experiments.
Survival of four isolated Pseudomonas strains after heating at 72°C in coarsely ground cured pork Of the Pseudomonas strains isolated in this study from the core of the cooked products made of coarsely ground pork, strain 7b2 survived best after heating in coarsely ground cured pork (Table 3) . The mean number of colony forming units decreased from log 7.2/g to log 3.6/g during heating for 15 minutes. After heating for 30 minutes inoculated pseudomonads were found in two of the three tests over log 2.0 efu/g. After heating strains 1b2,4b and 6b in coarsely ground cured pork for 15 minutes each strain were found over log 2.0 efu/g in 1 -2 tests of the three.
The total plate counts of bacteria in the heattreated coarsely ground experimental porks ranged between log 3.1 and 5.6 efu/g. The control porks (not inoculated) contained pseudomonads and staphylococci/micrococci over 2.0 efu/g only accidentally. They did not contain lactic acid bacteria over log 1.0 efu/g or Brochothrix thermosphacta over log 2.0 efu/g. The non-heated coarsely ground, cured pork did not exceed these values either.
When the inoculated pork samples which had been heated for 5 minutes at 72°C were incubated for two days at 30°C, the efu number of strains lb 2 and 4b rose, whereas the efu number of strains 6b and 7b2 decreased (Table 4 ). The total plate count for the porks rose to over log 6.0 efu/g. When the inoculated pork samples, which had been heated for 5 minutes at 72°C, were stored for 2 -3 weeks at 6°C, the numbers of all inoculated strains decreased (Table 4 ). The total plate count rose distinctly only in the tests in which strain 7b2 was used.
The incubation experiments both at 30°C and at 6°C indicate that even if pseudomonads survive after heat treatment, they are probably not a very serious factor causing spoilage in cooked meat products made of coarsely ground meat or in cooked meat products in general.
Survival oftwo most heat-resistant Streptococcus strains after heating at 72°C
in coarsely ground cured pork
The mean efu numbers of the porks before heating were 6.8 log efu/g (strain 3bi) and 7.6 log efu/g (strain 7b|) ( Table 5 ). The decrease for both strains was about I log unit during heating for 2 minutes. The thermal death diminished when the heating was continued, and was about 2 log units for 3b|
and 0.5 log unit for 7b i over the next 13 min.
Coarsely ground experimental porks contained staphylococci and micrococci over 2.0 log efu/g only accidentally, while pseudomonads and Brochothrix thermosphacta never exeeded 2.0 log efu/g. When the heat-treated and cooled experimental coarsely ground cured experimental porks were stored at 6°C for 2-3 weeks the efu number of strain 3b 1 rose by 1 log unit and that of strain 7b i by 0.5 log unit. However, these bacteria probably do not constitute a spoilage problem because their efu number decreases by a few log units during cooking and rises only slightly during storage.
Conclusion
The core ofthe pork products were found to contain heat-resistant streptococci and pseudomonads as the main bacterial strains, but they were not the cause of spoilage of the products. The bacteria which contaminated the products after heat treatment caused the spoilage in the surface layer of the products. However, the reasons for eventual core spoilage were not found in this investigation. 
